Background and Aim Despite having a functioning population register, the official demographic
1.Introduction
It is often assumed that statistical error, which is unavoidable when producing annual population estimates, has a rather minor impact on mortality indicators such as life expectancy at birth. In most cases this assumption is indeed valid. Error caused by the under-registration of out-migration tends to accumulate around the youngest and the most mobile population groups, who also have relatively low mortality. Therefore, error in population estimates has to be extremely high to affect mortality rates.
It is also widely assumed that countries that maintain population registers generally have more accurate population statistics. This notion is, however, based on evidence from the Nordic countries, and from Sweden in particular. Because these countries have long histories of data collection and well-established population registers that have been functioning for several decades, they are able to produce very reliable mortality estimates (Kannisto, 1999; Jdanov et al., 2008) . However, simply having a population register does not guarantee that the quality of mortality estimates will be high, especially in countries where a system of population register has only recently been introduced.
The quality of the population register depends in large part on the initial conditions under which it was created, such as the level of development of the vital registration system.
Using the official data, we show that despite having a functioning population register, the official demographic indicators in Moldova are seriously biased. The main source of the problem is that the registration of deaths and births covers only events that occur within the country (the de facto population), whereas the population at risk includes Moldovan citizens living abroad (the de jure population). Because the country has high levels of emigration, the differences between the de facto and the de jure population numbers are substantial. Thus, the nominator-denominator bias in the population statistics must be taken into account. To obtain plausible demographic rates, appropriate corrections of the population size have to be made. Our aim is to estimate the size of the de facto Moldovan population, and to produce reliable mortality estimates for the longest period possible.
This work was conducted within the framework of the Human Mortality Database (HMD) Project 1 . This report is organized as follows. First, we start by providing a general description of the statistical system of Moldova, including background information on the history of the population statistics, the data, the completeness of registration, and the territorial coverage. We then describe in detail the system of demographic data collection and processing, and provide information about the available data on population estimates, census counts, and migration. In a separate section of the paper, we explain the main data quality issues. Finally, we describe our method for producing alternative population estimates for Moldova. In a statistical annex to this report, we provide complete life tables for the period 1970-2014, along with the adjusted population estimates upon which the tables were constructed, as well as some other HMD statistics. These data are freely available for download from the server of the Max Planck Institute for Demographic Research.
Organization of population statistics in Moldova
In the 19 th century, when Moldova (then called Bessarabia) was a province of the Russian Empire, deaths, births, baptisms, and marriages were registered by the church in special parish registers. The earliest church records in Moldova date back to 1810 (Corlăteanu-Granciuc, 2008) . Between 1918 and 1940 Moldova belonged to Romania, and gradually adopted the Romanian death registration system. When Moldova became the Moldavian Soviet Socialist Republic (MSSR) in 1940, the country adopted the Soviet death registration system. After Moldova gained its independence from the USSR in 1991, new rules were introduced. In 1990, Transnistria, a region in the eastern part of the country with a population of around half a million (representing 14 percent of the total population), proclaimed its independence. Although this claim was not recognized by Moldova or by any other country, Transnistria was offered an "autonomous" status by
Moldova. This offer was refused, and war broke out in 1992.
In Moldova, the national system of statistics is centralized. 
Collecting and processing demographic data
The following description is limited to the post-World War II period, with distinctions being made between the Soviet era and the period after independence.
Coverage and completeness
The statistical offices of the former Soviet republics, including those of the MSSR, conducted annual "control checks" of the completeness of death and birth registration.
The control check procedure, which was implemented in the Soviet republics after 1948 (Kharkova, 2006) , was as follows. In the urban regions, the individual death and birth records were collected at maternity hospitals, maternity units, and hospitals; while in the rural regions these records were retrieved from so-called house registers Scherbov and Willekens, 1995) . In Moldova, 10% of villages were selected randomly for one control check (TCSU of USSR, 1971) . 2 The selection of villages was made according to the special instructions of the TCSU of the USSR, and those instructions could change from year to year. In rural areas, the completeness of death and birth registration was controlled for a single calendar year, while in urban areas it was controlled for the last quarter of a single year only.
The results of one control check conducted in Moldova in 1971 (TCSU of MSSR, 1972 showed that in urban areas, 6% of births, 5.5% of deaths, and 6.8% of infant deaths
were not registered with ZAGS; whereas in rural areas, just 0.2% of births, 0.3% of deaths, and 2.6% of infant deaths were not registered with ZAGS. However, the true extent of infant death under-registration in Moldova before the mid-1970s was much greater than the situation depicted by these official control checks, especially in rural areas. Experts have estimated (Penina, Meslé and Vallin, 2010) Network, 2007) showed that more than 90% of deaths are registered in the vital statistics.
Death records

Soviet period
Until 1991, the Moldovan vital statistics system was integrated into the USSR-wide registration system. In the Soviet Union, the system of civil registration of vital events was established after the 1917 revolution, when the church registration functions were transferred to newly established district administration offices called ZAGS (Jones and Grupp, 1987) . Deaths had to be registered within three days of the event. After a death, the deceased's relatives or close associates were required to obtain a medical death certificate from the responsible medical institution, and to take the certificate to the responsible ZAGS office. In exchange, the relatives of the deceased would receive a civil death certificate that served as both a burial permit and a legal document for inheritance purposes. The ZAGS office would then send the medical death certificate to the regional office of statistics.
In the Soviet Union, a death could be confirmed not only by a medical doctor, but also 
Post-Soviet period
After Moldova became independent in 1991, the system of death registration remained basically the same. However, the management of vital statistics underwent important changes, especially following the establishment of the State Population Register (SPR) in the mid-1990s. The system of making two copies of each civil status act, which was first introduced in the USSR in the late 1920s, was continued after 1991. Currently, however, these two copies are used for administrative purposes only. In the late 1990s, the NBS adopted a series of statistical forms [Buletin statistic] for statistical purposes.
These statistical forms are to be completed on the basis of records of births, deaths, marriages, and divorces. 4 The forms correspond to vital records, and contain around 25 variables, including the IDNP. At the civil registration office, the medical death certificate presented by the person who has declared the death and the notification received from the medical institution must match. If the information on the two documents coincides, the death is registered. If a discrepancy is found, the civil registration officer must refer the case to the local authorities (i.e., the police) for investigation. 
NBS transmits the death certificate to the National Centre for Health Management (NCHM) NCHM assigns a four-digit ICD-10 code to the cause of death (or to the multiple causes) NCHM manages the database with all death certificates and sends aggregated cause-of-death statistics to NBS for official dissemination
This procedure is designed to ensure that all deaths are recorded at the civil registration office. The civil registration office sends the information from each "notification" to the MITC within two days for inclusion in the State Register of Population. It also sends the medical death certificate with its associated statistical form (i.e., the death record) to the NBS. The statistical forms are completed with the information included on the medical death certificate, and cover 17 socio-demographic variables. But for reasons of confidentiality, the cause of death listed on the medical death certificate is not added to the statistical forms. The NBS forwards the medical death certificate to the NCHM, which is responsible for coding the cause of death according to the 10 th revision of the International Classification of Diseases and Causes of Death; a classification system that has been in use since 1996. The NCHM manages a database that includes all of the medical death certificates, and is responsible for transmitting aggregated cause-ofdeath statistics to the NBS for publication and dissemination purposes.
A different certificate is used for all deaths that occur within six days of birth. It is called the perinatal death certificate, as it is also used to record stillbirths. The perinatal death certificate must be completed by a forensic pathologist. For each neonatal death, both a birth certificate and a perinatal death certificate must be filed at the civil registration office.
Birth records
The medical birth certificate is prefilled with an identification number from the MITC. The medical birth certificate is composed of two parts: one part is given to the family to be presented at the regional civil registration office within three days, and the other (a notification) is sent to the civil registration office by the medical institution. The medical birth certificate has to be issued by one of the 41 accredited medical institutions. Since 2009, a birth can be registered directly at the medical institution. If a delivery takes place outside of one of these 41 medical institutions, the birth certificate is to be issued within 10 days of the birth, following a medical examination of the mother and the child by a committee composed of three physicians.
The civil registration office sends the medical birth certificate to the NBS, along with an additional statistical form that includes information on 30 socio-demographic variables.
When the family registers the birth at the civil registration office by presenting the part of the medical birth certificate issued by the medical institution or the committee, the information on the document is compared with the information on the notification from the medical institution. If the information from the two sources coincides, the birth is registered. If not, the civil registration office notifies the police of the need for further investigation. The civil registration office then transmits the information (from the notification received from the medical institution) to the SRP within two days.
Before who has obtained the right to reside permanently or temporarily in Moldova. 6 The use of these definitions make little sense, as a foreign citizen who has been included in the Moldovan population as an "immigrant" cannot be excluded from the population since he or she is not a Moldovan citizen. The official emigration statistics are based exclusively on the information collected from special deregistration forms. This type of emigration is known as "permanent" or "documented" emigration, and is based on the assumption that the individual has "deregistered" from his/her place of permanent (formal) residence (Vremiș et al., 2012) .
Meanwhile, Moldovan citizens who live abroad but maintain a permanent residence in the country are considered temporary emigrants even if they have not been back for more than a year. This is called "temporary" or "working" emigration. These citizens are included in the Moldovan population, but their deaths are not reflected in the official vital statistics if they die abroad. Since the early 1990s, the NBS has combined data on . Furthermore, the deficit is mostly concentrated among people of young working ages (ages 20-39); i.e., among the age groups with the most intensive migration outflows. In the other age groups, the numbers are extremely close (Figure 3 ). These observations strongly suggest that the discrepancy can be attributed to the inappropriate definition of "international migrant."
We can assume that after the final results of the 2014 census are published, the age profile of the population deficit will cover not only people of young working ages, but also those adult citizens who were not present in the country at the time of the 2004 census. Further analyses will be conducted when the final results of the 2014 census become available. shown that the use of such a restrictive set of criteria could cause an underestimation of neonatal mortality of up to 50%, and an underestimation of infant mortality of up to 25% (Anderson and Silver, 1986; Blum and Monnier, 1989; Andreev, 1995; Velkoff and Miller, 1995) . As is the case for the other former Soviet republics included in the HMD (Russia, Ukraine, the Baltic states, and Belarus), age heaping is also a problem for the distribution of deaths by age prior to 1970, especially at older ages. Figure 7 shows for males the ratio of the number of deaths at older ages ending in zero (60, 70, 80, and 90) to the adjacent age groups. The pattern for females is very similar (not presented here). 
Old ages
The misreporting of age at ages 80 and above is a well-known issue in the European countries of the former USSR, including Russia and Ukraine (see the HMD Background and Documentation files for the corresponding countries). It is very likely that in Moldova the official population counts at older ages are similarly overestimated, and that the official deaths rates are therefore underestimated. This does not, however, affect the alternative population estimates, which are produced using the extinct cohort method (see the HMD Methods Protocol). This method depends entirely on the death statistics, and does not take into account potentially erroneous population estimates at advanced ages. Therefore, it is not the misreporting of age in the population but problems related to the registration of the age at death (age heaping in death) that are responsible for the suspiciously low mortality rates at ages 80 and above in Moldova. Figure 8 shows the implausibly high life expectancy values at age 80 prior to 1970 in Moldova (compared to those of Sweden), with a decline over time reflecting an improvement in the age classification of the population at older ages. 2009. Thus, as was mentioned above, standard HMD inter-censal methods (Wilmoth et al., 2007) were implemented to estimate the population counts for the years after 1989.
According to these estimates, the total cumulated net migration count is 494,000 for the These results indicate that migration is indeed concentrated in the working-age population, but also that assuming a uniform distribution of migration within each birth cohort does not significantly bias the mortality estimates.
Adjusting official data and producing mortality series using the HMD methodology
Input data
The census data, the annual population estimates, and the death and birth counts were taken from official statistics. Most of the official publications and the unpublished material were collected from the NBS archives and the National Archive of the Republic of Moldova. For the period since 2001, the data were provided in electronic format by the NBS. Data about state border crossings were provided by SE CSIR "Registru".
Annual estimates of infant death and birth counts by sex for the period from 1945 to 1972 were received from Penina, Meslé, and Vallin (2010). Table 1 describes the different population groups covered by the statistics used to produce the adjusted mortality series. Ukraine. This is a major source of underestimation of border crossing migration, and it is also a potential source of double counts of entries and exits (Poulain et al., 2011) . Surprisingly, the introduction of the visa-free regime led to positive growth in net migration (+87,000 migrants) in 2014. 10 The State Population Register provides access to the border crossing migration data by means of "Access-Web."
The statistical form on Moldovan emigrants by sex, age, and duration of absence is titled F3.2. While the precise reason why there was a sudden decline in the number of long-term
Moldovan emigrants in 2014 remains unclear, we can offer some speculation. As far as we know, there were no changes in registration practices beyond the introduction of the visa-free regime in April 2014. It is plausible that the effects of the economic crisis on European Union countries led some Moldovan emigrants to return home. Moreover, the decline in the numbers of long-term emigrants started at the beginning of 2014 (before the introduction of the visa-free regime), and was more or less regular until October 
Adjusted inter-censal population estimates
As we have already shown (see sub-section 3.4), the official population estimates are not reliable, and therefore cannot be used in estimating demographic indicators.
The inter-censal annual population estimates for the 1970s were calculated using the standard HMD methodology (Wilmoth et al., 2007) . As we mentioned above, the official population estimates published by the NBS for the years after 1989 are problematic, mainly because they do not sufficiently take into account the large out-migration of this period. Thus, instead of using the official population numbers, we reconstructed our population estimates using standard HMD methods (Wilmoth et al., 2007) . 
Conclusion
Our motivation for conducting the analysis reported here was a desire to include Moldova in the HMD. Although we obtained results of reasonable quality (as suggested by the HMD data quality diagnostics tools), we concluded that Moldova should not be included in the database. The reason for this decision was that serious adjustments to the official data were used to produce the mortality series for Moldova. One of the main principles of the HMD is that such adjustments should be avoided, and that official data should be used; although there are some exceptions. Unfortunately, the extent of the adjustments needed was too great to meet the strict HMD requirements.
In the case of Moldova, using the official population estimates results in a considerable underestimation of mortality because of the discrepancies in the coverage of population estimates and vital events. The huge wave of out-migration complicates the problem.
The population register in Moldova includes large numbers of people who actually left the country many years ago. It has been estimated that more than 18 percent of the official total population of the country in 2014 are actually emigrants who no longer live in Moldova. Unfortunately, the vital events affecting this part of population cannot be registered. This has two consequences: first, over the short term mortality and fertility are underestimated; and, second, over the long term the country develops an "immortal" sub-population, as the deaths that occur outside the country will never be included in the statistics, and the people who die will be not excluded from the population register.
Nevertheless, we demonstrated that the current statistical system has all of the necessary tools as well as the necessary data to make correct estimates of both the population size and the mortality rates. Because there is no way to get information about all of the deaths and births that occurred abroad, the statistical office of Moldova has to use the concept of present population for all of its calculations. The border crossing data provide us with a unique opportunity to make high-quality estimates of migration flows. We also demonstrated that the correction of population estimates is essential. Life expectancy based on adjusted population data is more than two (for both sexes) years lower than the published official estimates (please refer to the statistical annex of this report). However, our adjusted population estimates have certain 
